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(71). We. RACAL COMMUNlCATldNS 

Limited, a British Company, oi Western 
Road, Bracknell, BerksMre, do hereby de- 
clare the invention, for which w© pray that 
5 a patent may be granted to us, and the 
method by vmidi it is to be performed* to 
be particularly described in and by the fol- 
lowing statement: • — 

10 Hie invention relates to radio receiving 
systems, and more particularly to diversity 
receiving systems in which two receivers 
are used, each arranged to receive signals 
whose fading characteristics are assumed 
15 to be diffeiemt In such systemSj, the oulput 
of the 'two receivers can be combined to 
produce a comiposite output signal, or one 
or other of. flie two recdveis.can be 
selected at any giveh time to feed the out- 
20 put. The aim in each case is to produce a 
resultant output with reduced fading 
. characteristics. 

According to the invention, there is 
. provided a system responsive to the oulput 
25 signals of two radio . receivers, in which 
craly JGttie or other of the two receiver out- 
puts may be held coimected to the systm 
output at any gjyen time, the selection of 
the particular receiver outjnit to be so con- 
30 nected being achieved automatically 
ajcoqrding to a pr^etermined criterion, one 
of tile receiver outputs, when the caiterion 
becomes sudi tiiat it is to be selected, 
becommg connected to the system ou^t 
35 wly^n;, itsi instantaneous audio output si^al 
i^'pa^mg through zero in a predetermined 
direction and the othCT of the receiver out- 
put previously beoomiQg disconnected frc«n 
. the ^system- output when its instantaneous 
40 audio ou^ut signal is passing through zero 
in ithe predetennined d&ectipn. 

According to the invention, tiiere is also 
provided a system responsive to th^ output 
signals of two radio receivm, comprising 
45 first input means for receiving the audio 



output signa 1 of the first radio receiver, 
isecond input meaiB for receiving the audio 
ou^ut signal of the second radio receiver, 
switching means for connecting one or 
other of the two input means to output 50 
meajos. comparing means for comparing the 
AGC signals of the two receivers and re- 
sjponsive to a predetermined change in rela- 
tionship between the magnitudes of the two 
AGC signals compared to condition the 55 
switdiing means to disconnect the one of j 
the input means which is connected to die 
oulput means and to connect tlie other 
input means to the output means, and zero 
crossing detecting means for detecting the 60 
instants when .the audio input sigmds to 
the; two input means cross zero in the 
same predetermined direction whereby to 
cause the switching means to first dis- 
ccHmect the said, one input means at the 65 
instant whrai the audio input signal to that 
input means crosses zero in- tije said direc- 
tion and to connect the said other input 
means to the output means when the audio 
input signal to that input means' next cros- 70 
ses zero in the said predetermined direc- 
tion. . - 

According to the invention, there is 
further .provided a metihod of controlling 
the connection of ei^r one oi two radio 75 
receivers to an ou^ut in a diversity re- 
ceiving system, comprising the steps of 
selecting one other ef tihe two receiver out- 
puts according as to whidh of thCTi has. the 
higher AGC jsignal, monitoring the audio 80 
output signals of . the two receivers to de- 
termine the respective instants at which the 
output levels. of die two audio output sig- 
nals pass through zero in a predetermined 
directicm, disconnecting the non-sdected re- 85 
ceiver output from the system output at 
one of the respective instants, and con- 
necting the sdected receiver output to the 
system output at an immediately followmg 
one of the respective instants. 90 
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A radio receiving system embodying the 
invention. wiU now be described, by way of 
example only, with reference to the draw- 
ing of the Provisional S^»ecification which. 

5 is a schematic circuit diagram of part of 
the system- 

The system to be described incorporates 
two receivers operating in diversity, that is. 
they are both toned to receive the same 

to signal but their respective antennae are 
arranged to receive the signal from dif- 
ferent directions with the aim of ensuring 
that at least one of the receivers will 
produce a strong ou^ut signal whatever 

15 She reception conditions are. The systedn 
therefore also incorporates circuitry for 
selecting the audio output of one or other 
of <the two receivers, so as to produce the 
best output signal at any time. 

20 The drcuitry for selecting one or othwr 
of the two audio outputs will now be de- 
soibei. 

As shown in the Figure, of the 
Provisional SpecificaticHi. the drcuitry m- 
25 corporates input . terminals 2 for receiving 
the audio ou4>nt of one receiver (Receiver 
A), input terminals 6 for receiving the 
audio output of the seconl receiver (Re- 
ceiver B). and output terminals 9 at wbidi 
30 is produced the audio output of Recdver 
A or Receiver B according to which of 
these receivers is selected by the drcuitry. 
Terminals 2 are connected across the 
primary winding of a transformer 3 whose 
35 secondary winding is connected, via a 
channel A incorporating lines Al and A2 
and a switch tmit. 4» across the primary 
winding of an output transformer 5 feeding 
the tenjiinais 9. 
40 Similarly, the input terminals 6 are con- 
nect ac^ss the primary winding of a 
further input transformer 7 whose secoxt* 
dary. winding is connected, via a channel B 
incorporating lines BI and B2 and a switdi 
45 unit 8. acro^ the primary winding of the 
output transformer 5. 

In order to perform the selection 
process^ the circuitry incorporates a com- 
J paring circuit 16 for comparing the mag- 
2K) nitudes of the AGC signals of the two re- 
ceivers, and the drcuit 16 therefore has a 
terminal 18 at which is received the AGC 
signal, of Receiver A and a tommal 20 at 
whidi is received the AGC signal of Re- 
55 ceiver B, 

. The comparing circuit 16 conftprises two 
NPN transistors 22 and 24 connected in a 
king-tailed pair oonfigurationv throu^ re- 
sistors '26 and 27. between a +12 vc^ts 
60 Ime 28 and a zero volt line 30. K the AGC 
signal of Receiver A is greatM" than that of 
Receiver B, then transistor 22 is switched 
on and transistor 24 is switched ofE. and a 
positive or TRUE signal is therefore fed to 
65 a line 32 via a resistor 34 and a bmary 
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an^lifier unit 36 which ensures an abrupt 
switching action. 

K the AGC s^al of Receiver B is 
greater than that of Receiver A, then 
transistor 24 is rendered conductive and 70 
transistor 22 is switched off, zad under 
these conditions a low or substantially zero 
volt FALSE signal is jMXJduoed on the line 

The signal on the line ^ controls the 75 ? 
states of two flip-flop units 38 and 40 in a 
manner to be described. 

The flip-flop units 38 and 40 m turn . 
control the switch units 4 and 8 so as to 
determine wheflier it is the audio output of 80 
the Receiver A or that of Receiver B ^ 
whidti is fed to the output transfonner 5* | 

Switch linit 4 comprises fleld effect M. , 
transistors 42A and 44A whose source- | 
drain paths are connected in series with 8^' 
the re^ective Ihies of channel A- gate 
electrode of each EET is connected to the 
same channel line through a respective re- 
sistor 46A, 48A. The conduction of the 
FETs is controlled by the flip-flop 38 via a 90 
control line 50A which is . connected to the 
gate electrode of the two EET's by re- 
spective diodes 52A and 54A- 

The switeh, tmit 8 for the channel B is 
similar to the switch ^iritt 4, and corres- 95 . 
ponding items are similariy referenced save 
for the use of the suffix "B" mstead of 
"A". The control line 50B for the switch 
unit 8 is connected to the flip-flop 40. 

In order to si^^ly power for the FBTTs lOO 
of the two switch units, a power unit 60 is 
provided comprising a transistor 62 which 
is. controlled by means of a potential 
divider networic incorporating a zener 
diode 64 and . a resistor 66 so as to 105 
produce a sifbstantially constant d.c. out- 
put voltage aoross a capacibor 68. This vol- 
tage is connected to centre t^ on the 
secondary windings of the ticansform^ 3 
and 7 and on the primary winding of the 110 
transformer 5, as shown by the letters X. 

The. channel A also incorporates a zero 
crossing detector circuit 70A. This com- 
prises two NEN transistors 72A and 74A 
connected in . a long-tailed pair con- 115 
figuration between the 12 volt Ime 28 and 
the zero, volt line 30 via resistors 76A ami 
78A, When the audio signal in the channel 
A is such that the base of transistor 74A 
is passing through zero in a positive direc- 120 
tion, and correspondingly the base of trans- 
istor 72A is passing throu^ zero in &e 
negative direction* transistor 74A is 
switched conductive and trandstor 72A is 
switched ofL The resultant negative-going 125 
signal at the collector of transistor 74A 
switches ^vt a PNP transistor 50A which is * 
connected in series between the lines 28 
and 30 via a resistor 82A. The resultant 
signal is applied via an amplifier unit 84A 130 
and a feedback resistor 56A to the flip-flop *" 
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38; The ..amplifiei unit ;84A and the xiesistor 
86 A ensure a very rapid switching action 
Therefore, whene'ver the unit 70A detects . 
that the audio ouQnit in ci^nnel A isr cros- 
5 sing zero in sucli a direction that its Inie 
Al is becoming positive and its line A2 is 
becoming negative, it feeds a positiye-goiag 
control signal to the flip-flop 38. When tiae 
signal in channel A is crossing zero in &e 
10 opposite direction, no such, control signal is 
produced 

Channel B also inc^poraftes a siimlar 
zero-c^ossmg detector circuit 70B whicb is 
similar in construction and operation to the 

15 detector circuit 70B. .and. corresponding 
iteim in it are similarly i^exenced save iac 
the use of suffix ^*B" instead'of "A". 
The detector uni^ 70B is arranged to feed 
a positive 'Gcmtroi signal to a li^ S8B and 

20 thence to the flip-flop 40 wben the audio 
ou^itt in channd B crosses zero m sudh a 
direction liiat the line Bl is becoming 
positive and the line B2 negative. Wien 
the !dgnal in channel B changes in the op- 

25 posite direc^on; no such contcol signal is 
I)iroduced. 

' The operation of the complete circuitry 
win now be described. 
If the AGC signal from receiver A, at 

3D terminal 18, is mote positive than the 
AGC signal from Receiver B on terminal 
20, thcn a positive or TRUE signal exists 
on line 32. This conditions the &p-flop 38 
to the "1" state. When the detector unit 

35 70B next detects the audio si^ial in chan- 
nd B as crossing zero in the directicm such 
that line BI is becoming posMve, it 
produces a positive control si^ial on the 
liae SSB which sets the . fl^flqp 4Q into 

40 the "r state. In this conditio, the ^ 
flop, produces- a "0" oirtpat at its teiminal 
Q. This signal is applied via the line 50B 
and biases on the diodes across the FETs 
42E 'and' 44B and the latt^ are therefore 

45 swelled offh and channel B is therefore 

- disooiinected froid the ou^«t transformer 5. 
After a sli^ delay, the output of terminal 
Q of the flip-flop 40. applied to the to- 
miiml R of flip-flop 38, RESETS that flip- 

50 flop into the '1" state. In fliat state its tei^ 
njiaal Q produces a *'l*' output The 
positive or. "1" levd <m line 50A fl^erefoie 
biases diodes 52A and. 52B off, switching 
FETs 42A and 42B on, and channel A is 

55 therefore- connedted to the output trans- 
former 5. Since the flip-flop 40 is held 
"set" from the terminal Q of flip-flop 38. 
any control dgnal produced on line 88B 
will have no effect : . * ' 

■ 60 Therefore, in the. condition existing, , tfiat 
is; with thfr AGC output of .Receiver A 
greater, than, the AGC ou^ut of Recover 
B, the-circukry. selects Receiver A. to feed 
.the., output' after disconnecting. Recdver B 

65 from the*output 'i' ". 



. When the conxparator 16 detects -that the 
AGC signal from Receiver B has become 
greater than that from Receiver A, it 
produces a^zero volt or FALSE signal on 
line 32, This conditions the flip-flops to be 70 
switched- into^ the "0" state,, though neither 
yet switches into this state. When the zero 
crossing, . detector 70A next detects the 
audio signal In channel A as ooGsing &e 
zero in the directicm such that line Al is 75 
becoming positive, the resultant control sig- 
nal on line 88A clocks the flip-flop 38 into 
tte state. The resultant- "0'' signal on 
its termioal Q is applied to the switch un^ 
4 via' the line .50A and switches off the 80 
FETS 42A and 44A. Channel A is there- 
fore disccmnected' from the output trans- 
former 5. At the same time, the "0** signal 
at terminal Q removes the "SET" signal 
from the tenninal S of flip-flop 40. 85 

When the zero crossing detector 70B 
next detects the audio signal in dimsm&L B 
as crossing the zero in the direction such 
that line Bl is becoming positive^ the re- 
sultant control signal on line 83B therefore 90 
docks the flip-flop 40 into the "0" state. * 
The -resultant "1" signal oa its termioal 1q 
is applied to the switch unit 8 via the line 
50B and switches on the FETs 42B and 
44B. It is also applied to the RESET ter- 95 
minal R of flip-flop 38 and locks that flip- 
flop m the "0" state. 

The audio output of Receiver B has 
therefore been selected, and Receiver A 
has been disconnected. The isyst^ r^nains 100 
in this condition until the AGC ou^ut 
from. Receiver A iagain ex<?eeds- that from 
Receiver B, whereupon a transition takes 
place between the two leceivers, with Re- 
ceiver B being disccMmected first, and Re- 105 
oeiver A being thereaJto: ccmnected in its 
place to feed the output transformer 5. 

The 'binary amplifier units '&4A and 84B 
and associated resistors provide a 
hysteresis action to ensure at least a mini 110 
mum switclra^ q)eed' on liiuss 8BA and 
&SB. A sknilar hysteresis action is provided 
by the bmasy ampb&ct unit 36 and Ihe as- 
sociated resistors, and prevents hunting of 
the output in the event of the two AGC 115 
signals -being very similar or of transients 
m the. AGC signals.. • 

With the circuitry described^ it will be 
apparent that the sdeption betv^een one re- 
cdver BJid. the other, iavolves a short per- 120 
iod (which can be up to one complete audio 
qrclc) when neithea: receiver is feeding the 
output It is found that this gap in output 
is substantially .undetectable^ particularly 
with sp^h signals. The arrangement en- 125 
ables switduwg. between oioiB: receiver and 
the other to take place at a zero signal 
level, 5aj5d .thus; avoids -transient (sigaals 
which may ctcm in a system, in whidi 
switching takes place between two receivers 130 
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inrespecdvo of the levels of their audio out- 
puts; sudi transieats may cause output 
noise, *'clic3cs" and the like. 
- -The syst^ disclosed is particulaiiy suit- 
5 able for true SSB qperation, since witSi 
such operation, the audio output phase 
varies toectly with the radio freqacmgr sig- 
nal phase, and the audio output from the 
two receivers could have any amount of 

10 phase difference. Should the phase dif- 
ference be 180° and the two levels sub- 
stantially equal, then straightforward ad- 
ditive combination of the two audio out- 
puts would produce no final output at all. 

15 WHAT WE CLAIM IS: — 

1. A system responsive to the output 
[ signals of two radio recdvers, in which 
only one car other of the two receiver oist- 
puts may be held connected to the ^stem 

20 output at any given time, Uie selection of 
the particular receiver output to be so con- 
nected' being achieved automatically 
according to a ptedetmnmed cdteriMfc, one 
of the 'receiver outputs, when the criterion 

25 becomes such, that it is to be selected, 
becoming connected to the system output 
wben"its instantaneous audio output signal 
is passing thiou^ ssero in a predetermined 
direction; and the otiiec of the receiver out- 

30 ptfts previously becoming disconnected 
ffotn the system output when its in- 
stantaneous audio output signal is passing 
through zero in the fHredetermined direo- 
tioiii 

^35 2. A system according to claim 1, in 
1 winch the said pcedet^cindned critericHi is 
I the relative magmtudes of the AGC signals 
i of - the two receivers. 

3. A system responsive to the output 
[ 40 signals of two radio receiveis, comprising 
first input means foi recdving the audio 
\ output signal ot the first radio receiver* 
) second input meaaoB jfor receiving l&e audio 
f outout ^goal of the second r^io receiver, 
■ 45-swm:hing means for connecting one or 
oth^ -o? the two input means to ou^nit 
means oomparing meams (fesr counpariHig the 
AGG signals of ^ two receivers and re- 
sponsive to a piedetermmed change in rela- 
50 tionship between the magnitudes of the two 
AGC signals compated to condition the 
switc^iing means to disccMmect the one of 
the input means whidi is connected to the 
output means and to connect the otiiet 
55 input means to tibe output means, and zero 
crossing detecting means for detecting the 
instants wh^ ^ audio input signals to 
tiie two' input means crass zero in the 
same predetermined direction whereby to 
60 cause the: switching means to first dis- 
connect the said one input means at the 
instant when the audio input signal to that 
input means crosses zero in the said direc^ 
tion and to connect the said other roput 
65 means to the output means when the audio 



input signal to that input means next cros- 
ses ziero in ttie said predetermined direc- 
tion* ■ ■ ' , ■ . 

4. A system according to claim 3» m 
which the comparing means is operative to 70 
condition the switching means to connect ^ 
the first input means to the ou^ut means 
when the AGC signal of the first radio re- 
ceiver is greater than that of the second 
radio receiver, and to connect the second 75 * 
input means to the output means when the 
AGC signal of the second radio receiver 
is greater than that of the fiist radio re- 
ceiver. 

5. A system according to daim 4. in 80 
which the oomparing means incorporates 
means providing hysteresis in . its response 
to one of the AGC signals exceeding the 
other; whoreby to inhibit response of the 
comparing means to rapid iu the 85 
rdative magnitudes of the AGC signals. 

6. A syst^ according to any one of 
claims 3 to 5, in wfiioh the switching 
means comprises a j^st pair of field effect 
transistors connected between the first 90 
input means and the output means, and a 
second pair, of field effect transistors con- 
nected oetwcMi the second input me^ 
and the output means. 

7. A system according to any one of 95 
claims 3 to 5, in which.: the switdiing 
means incoiporates first dectrcmic switch- 
ing means having a first state in which." it 
connects the first input means to the out- 
put means and a second state in whidi it 100 
disconnects the first input means from tide 
output means, a first flip-flop circuit hav- 
ing a first state and a second state for cor- 
respondingly setting the first dectronb 
switching means into its said first or 105 
second state, second dectronic switdiing 
means having a first state in which, it con- 
nects the second input means to tlie outfit 
means, and a second state in which it dis- 
connects the second input means from the no 
output means, and a second flip-flop cir- 
cuit having a first state and second state 
for cone^ndingly setting the second elec- 
tronic switdiing means into its said first or 
second state; the oomparing means com- 115 
prises means opetrative to simultaneously 
condition the first flip-flop into the first 
state and the second fl$-flop into its 
second state, ot to snmiltaneously con- 
dition the first flq)-flop into the second 120 
state and the secoi^ tOip-flqp into the first 
state* in dependence on the direction of 
the said predetermined change in the rela- 
tionship between: the magnitudes of the two 
AGC signals compared; the zero crossing 125 
detecting means comprises first meaiis re- ^ 
sponsive to the audio signal applied to the 
first input means crossing zero in the said 
predeCetmined direction to clock the first 
flip-flop into the state in whidi it is con- 130p 
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ditianed, and second means lesponsive to 
the audio signal applied to ^ second 
input means crossing zeio in the said pie- 
determined direction to dock the second 
5 flip-flop into the state in which it has bewi 
conditioned; means are provided whidb in- 
terconnect the two flip-flops such that flie 
first flq>-flpp caimot <iange from; its 
second to itis first state until the second 

10 flip-flop has fiist changed from its first to 
its second state^ and the second flip-flop 
cannot diange from its second to its first 
state until the first flip-flop has first 
changed from its first to its second state. 

»5 8- A meitbod of controlling the con- 
nection of either one of two i^adio receivers 
to an output in a diversity recedviog 
system, comprising the steps of sderting 
one ot other of me two receiver outputs 

20 according as to whidi of them has the 
higher AGC signal, monitoring the audio 
output si^ials oi the two reoeivOT to de- 
termine the respective instants at which the 



output levels of the two audio output sig- 
nals pass through zero in a prede- 25 
termined direction, discoimecting the non- 
selected receiver Output from the system 
output at one of the respective instants, 
and connecting the selected receiver output 
to the system output at an immediately 30 
foDowiag one of the respective instants. 

9. A system! responsive to two radio re- 
ceivMrs in a diversity receiving system, sub- 
stantially as descrited with reference to the 
drawing of the Provisional Specification. 35 

10. A method of controlling the con- 
nection of either one ot two radio receivers 
to an output in a diversity receiving 
system^ substantially as described with 
reference to the drawing of the Provisional 40 
SpecificatiorL 

MATHESEN, MAOARA & CO., 
Chartered Patent Agents, 
Lyon House, Lyon Road, 
Harrow. Middlesex, HAl 2ET, 
Agents for the Applicants. 
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